Expression of the human ADA cDNA encoded by the Moloney murine leukemia virus spliced RNA form is enhanced by intron-contained sequences. The presence of sequences corresponding to the viral gag gene in a Moloney murine leukemia virus-based vector results in the generation of 10-to 40-fold higher titers of virus. In vector DE-NA/S, the DNA fragment derived from the Moloney murine leukemia virus (M-MuLV) intron (which encodes the 3' splice junction sequences) is about 800 base pairs (bp) long. In DE-NA/X, the intervening viral DNA up to the 3' splice junction is about 4,000 bp long and includes a large portion of the retroviral intron. Two vector-specific transcripts are present in NIH 3T3 cells infected with DE-NA/S and DE-NA/X virus ( Fig. 2A) infected with DE-NA/S virus (Fig. 3B) . Other DE vectors, containing the human beta interferon or the mouse dihydrofolate reductase cDNAs in the envelope position, have also been shown to be dependent on the presence of additional intron sequences for the efficient expression of the spliced gene product (unpublished data). These results are consistent with our previous findings that sequences within the M-MuLV intron are essential for the efficient formation of the spliced RNA form (5) and, together with similar studies by others (7, 13, 17) , further emphasize the importance of internal sequences in the biogenesis of M-MuLV RNA species.
The utility of retroviral vectors is often limited by the low and variable titer of the recombinant viruses and the low efficiency of expression of the transduced gene in the infected cell. In the studies reported here, two different designs of retroviral vectors are examined and the effect of internal viral sequences on the function of each is investigated.
DE vectors. The structures of two double expression (DE) vectors are shown in Fig. IA . In this type of vector, first described by Cepko et al. (2) , the selectable neo gene replaces the viral gaglpol coding sequences and is expressed from an unspliced RNA species. The adenosine deaminase (ADA) cDNA replaces the sequences coding for the viral envelope gene and is expressed from a sliced RNA species. In vector DE-NA/S, the DNA fragment derived from the Moloney murine leukemia virus (M-MuLV) intron (which encodes the 3' splice junction sequences) is about 800 base pairs (bp) long. In DE-NA/X, the intervening viral DNA up to the 3' splice junction is about 4,000 bp long and includes a large portion of the retroviral intron. Two vector-specific transcripts are present in NIH 3T3 cells infected with DE-NA/S and DE-NA/X virus ( Fig. 2A) . The slowermigrating RNA species corresponds in size to the unspliced RNA form, which is longer in DE-NA/X-than in DE-NA/Sinfected cells, reflecting the presence of additional intron sequences. The faster-migrating RNA species expressed from each vector corresponds in size to the spliced RNA form and, as predicted, is of equal size. Figure 2A also shows that DE-NA/S-infected cells contain 5-to 10- infected with DE-NA/S virus (Fig. 3B ). Other DE vectors, containing the human beta interferon or the mouse dihydrofolate reductase cDNAs in the envelope position, have also been shown to be dependent on the presence of additional intron sequences for the efficient expression of the spliced gene product (unpublished data). These results are consistent with our previous findings that sequences within the M-MuLV intron are essential for the efficient formation of the spliced RNA form (5) and, together with similar studies by others (7, 13, 17) , further emphasize the importance of internal sequences in the biogenesis of M-MuLV RNA species.
The N2 vector system. Figure 1B shows the structure of two M-MuLV-derived vectors in which the selectable neo gene is directly flanked by two long terminal repeats (LTRs). In N4, the viral sequences present downstream from the 5' LTR encode the packaging signal (11) but exclude the first functional viral initiation codon so that the selectable gene is expressed from an LTR-initiated, unspliced RNA species. N2, on the other hand, differs from N4 by containing sequences downstream from the LTR which extend into the viral gag gene coding sequences. Therefore, the neo gene is preceded by a functional initiation codon as well as by 418 bp of coding sequences (determined by direct sequencing) containing a total of nine AUG codons. In addition, the neo and gag initiation codons are out of frame.
The titer of infectious neo-containing virus generated from N2 ranges from 1 x 106 to 5 x 106 CFU/ml, which is 10-to 40-fold higher than the titer of virus generated from N4. The difference in titer of infectious neo virus generated by N2 and N4 producer cells correlates with a similar difference in the amount of neo-containing virus released into the medium (Fig. 4) (Fig. 2C) and to a probe corresponding to the 5' end of the RNA transcript (Fig. 2B) , it is probably a spliced RNA form. Further evidence to support this hypothesis is shown in Fig. 5 , which shows an Si nuclease protection assay designed to map the 3' splice site of this aberrantly spliced RNA form. Using a 5'-endlabeled probe extending from within the neo insert into the upstream viral sequences, it is shown that N2-infected cells, but not N4-infected cells, contain a second Si-protected band which is smaller than the probe used. Using an appropriate marker (Fig. 5) , the 3' end of the shorter protected band was mapped to the viral sequences, about100 nucleotides 5' to the neo insert. These data suggest that the mRNA for the neo gene is a spliced RNA form generated by the removal of about 500 bp of intron resulting from the interaction of the naturally occurring viral 5' splice site, present 68 nucleotides downstream from the LTR, and a cryptic 3' splice site present in the viral gag coding sequences about 100 nucleotides upstream from the neo gene (see Fig.1B ).
As a result of this splicing event, the gag coding sequences preceding the neo gene are removed.
The high titer of virus generated from N2 and the presence of a cryptic 3' (Fig. 2B, C, and D) .
Note that the insertion of the MT-ADA or the SV40-ADA into N2 (about 1,400 bp downstream from the cryptic 3' splice site) resulted in a 5-to 10-fold reduction in the level of the aberrantly spliced RNA form compared to N2. This reduction is also reflected at the level of the neo gene product (Fig. 3A) 
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